The water-soluble polymeric components of wheat endosperm have been extracted by two different procedures and their chemical composition studied in detail. Water extracts of wheat flour that had first been treated with hot 80% ethanol contained only 2% protein, but if the ethanol treatment was omitted up to 20% of the extracted polymeric fraction was low-molecular-weight non-dialysable protein material. Density-gradient ultracentrifugation in caesium chloride solutions indicated that most of this protein was free, whereas the 2% protein in the water extract of ethanol-treated flottr was firmly bound to a polysaccharide. This bound protein (a peptide) was characterized by high levels of hydroxyproline (16-20% of the amino acids present).
Introduction
The non-starchy polysaccharides in water extracts of wheat flour are composed of arabinose, xylose and galactose. Perlin (1951a) showed that pentosanscontaining L-arabinose and D-xylose could be separated from a polysaccharide rich in galactose by fractional precipitation of their acetates. In a further study Perlin (1951b) used methylation, periodate oxidation and graded acid hydrolysis to show that the pentosan consisted of a main chain of P-1,4-D-xylopyranose units to which were appended single L-arabinofuranose residues joined through 1,3-and occasionally through 1,2-linkages to the xylan backbone.
In addition to these chemical studies the pentosans of wheat flour have been widely investigated in relation to their role in baking and other aspects of cereal utilization (Baker et al. 1943; Penceet al. 1950; Kulp and Bechtel 1963; Tracey 1964; Cawley 1964; Bloksma 1971; D'Appolonia et al. 1971; lelacaand Hlynka 1971 lelacaand Hlynka , 1972 .
In contrast to the interest taken in the water-soluble arabinoxylans of wheat flour, the galactose-containing polysaccharides in water extracts have received little attention. Ford and Peat (1941) examined the water-soluble polysaccharides extracted with wheat p-amylase and isolated a polysaccharide that was composed of L-arabinose, D-xylose and D-galactose, but contained no acidic residues or nitrogen. On the basis of methylation data they proposed that the polysaccharide was a co-polymer of the three sugars. However, Preece and Hobkirk (1953) were able to partially separate galactose-rich polysaccharides from the arabinoxylans by fractional precipitation with ammonium sulphate, andKundig et al. (1961) , Wrench (1965) and Medcalf et al. (1968) , using ion-exchange chromatography on DEAE-cellulose, have also shown that galactose-rich polysaccharides could be separated to some extent from arabinoxylans.
The work described in this paper was undertaken to define more exactly the nature of the water-soluble components of wheat flour and the relationship between the arabinoxylans and the galactose-containing polysaccharides. The chemical compositions of water extracts prepared by two methods are compared, the nature of the protein component is investigated and a procedure for the separation of polysaccharides and polysaccharide-proteins is described.
Materials and Methods

Preparation of Flour
Flour was prepared by the method of Mares and Stone (1973a) from wheat (Triticum aestivum L. cv. Insignia) from the 1969-70 crop of the Mallee district, Victoria. Prior to milling, the grain was pearled in a Satake grain testing machine (Satake Engineering Co. Ltd, Tokyo) to minimize contamination of the endosperm with husk and embryo.
Extraction of Water-soluble Components
Two methods of preparing water-soluble polysaccharides were used. The first (method 1, Table 1 ) was a modification of the procedure of Kundig et al. (1961) . This procedure differed from that of Kundig and co-workers in that human salivary amylase was substituted for porcine pancreatic amylase Table 1 . Procedures for extraction of water-soluble polysaccbarides Method 1 based on the method of Kundig et al. (1961) and method 2 on that of Preece and MacDougall (1958) and after starch digestion the amylase was removed by heat denaturation rather than by trichloroacetic acid precipitation. The use of trichloroacetic acid was avoided to minimize possible chemical degradation (e.g. the hydrolysis of acid-labile furanosidic linkages). A single sample prepared by this procedure was used throughout and is.referred to as preparation A. The second procedure (method 2, Table 1 ) was based on the original method of Preece and MacDougall (1958) . Although there was some variation in the protein content of different samples prepared by this method, their monosaccharide compositions were almost identical.' The samples prepared by this method are referred to as preparation B.
Saiivary Amylase
Amylase was prepared from freshly collected human saliva by the procedure of Bernfeld (1955) up to the acetone precipitation step.
Nitrogen Estimation
Nitrogen was estimated by the microKjeldahl method and the determinations were performed by the Australian Microanalytical Service, University of Melbourne.
Protein Estimation
Protein was routinely determined in column chromatography eluates and density-gradient profiles by the method of Lowry et al. (1951) , using crystalline bovine serum albumin (Commonwealth Serum Laboratories, Melbourne) as a standard.
Carbohydrate Determination
The phenol-sulphuric acid method of Dubois et al. (1956) as modified by Immers (1964) was used to estimate carbohydrate in column chromatography eluates and in density-gradient profiles. Xylose was used as a standard. Considerable differences in molar absorbance at 490 nm were observed between monosaccharides (cf. Dubois et al. 1956 ).
Monosaccharide Analyses
Monosaccharides in polysaccharide hydrolysates were estimated by gas-liquid chromatography of their alditol acetate derivatives (Albersheim et al. 1967; Mares and Stone 1973a) .
Amino Acid Analyses
Samples containing approx. 1 mg protein were hydrolysed in vacuo with constant-boiling HCI that had been thoroughly flushed with nitrogen prior to use. The concentration of polysaccharide-peptide material in the acid was never greater than o· 04% (w/v). Hydrolysis was allowed to proceed at 110°C for 24 h and amino acids were analysed on a Beckman model 120B amino acid analyser by the accelerated method of Spackman et al. (1958) . Components eluting before aspartic acid represented products of carbohydrate degradation or carbohydrate-amino acid interaction and were disregarded during the calculation of amino acid composition. Values for ammonia were not included in the analysis and amide content was not estimated.
Hydroxyproline was resolved from aspartic acid in a separate analysiS by lowering the pH of the buffer from 3'28 to 3·08 by direct addition ofconc. HCI (Mashburn and Hoffman 1970) .
Colorimetric Estimation of Hydroxyproline
Samples containing 5-15 p.g hydroxyproline were hydrolysed as described in the previous section and the hydrolysates were clarified by the procedure of Prockop and Udenfriend (1960) . Hydroxyproline was estimated colorimetrically by the method of Neuman and Logan (1950) as modified by Leach (1960) .
Gel-/iltration Chromatography on Sepharose 4B
Samples (5-15 mg) were dissolved in 1 ml ofO'01M phosphate buffer (pH 6'8) and loaded onto a column (50 by 2· 5 em) ofSepharose 4B (pharmacia Fine Chemicals, Uppsala, Sweden). The samples were eluted at a flow rate of approx. 10 ml/h with a solution of O' 3 % NaCl containing O' 05% sodium azide, and 6-8 ml fractions were collected.
The void volume and total bed volume of the column were determined by applying a mixture of 5 mg Escherichia coli cells (Miles-Seravac, Maidenhead, Berks, England) suspended in O·OIM phosphate buffer (pH 6· 8) to the column. The bacterial cells were detected in the eluate by measuring absorbance at 500 run and indicated the void volume (Vo) of the column. The total bed volume (V,) was determined by measUring the elution volume of phosphate, assayed by the method of Allen (1940) , and Was determined for each experiment.
Density-gradient Ultracentrifugation
Analytical grade CsCl (B.D.H. Ltd, Poole, Dorset, England) was used without further purification to prepare solutions of known initial densities in Q·IM aC,etate buffer (pH 5 ·0) at 25°C. The freezedried water extracts were added to give a final concentration of 1-2 mg/ml and the solutions were centrifuged in a Beckman model L2-65 preparative ultracentrifuge at 42 000 rev/min for 64 h at 12°C using a type 50 Ti rotor. After centrifugation, I-ml fractions were collected using a tube piercer (Measuring and Scientific Equipment Ltd., Sussex, England). Corresponding fractions from replicate tubes were pooled and their weights and volumes recorded. Densities were measured using a 250-111 constriction pipette as a pycnometer. Pooled fractions were dialysed against water for 1 day in the presence of toluene, then dialysed against O· 1M acetate buffer (PH 5·0) for 2 days. The dialysed fractions were assayed for protein and carbohydrate and samples were taken for amino acid analysis.
Fractional Precipitation with Ammonium Sulphate
Solutions of preparation B (2 mg/ml) were prepared in O·IM phosphate buffer (pH 7·0) and (NHJ.S04 (analytical grade, B.D.H. Ltd., Poole, Dorset, England) was added slowly to saturation. After stirring for 3 h the solution was allowed to stand overnight at 20°C. The precipitated polysaccharide was collected by filtration on glass fibre paper (Whatman GF/A) and washed thoroughly with saturated (NHJ.S04 in O·IM phosphate buffer (PH 7·()). The precipitate was dissolved in water and dialysed until free of (NH4)sS04. The combined supernatant and washings were also dialysed exhaustively against water. Both the insoluble and the soluble fractions were recovered by freezedrying.
Ethanol Solubility of Fractions obtained by Precipitation with Ammonium Sulphate
Solutions (5 mg/ml) of the arabinoxylan and the arabinogalactan-peptide (see Results, section e) were prepared in water and adjusted successively to 20%,40%,60%, 70% and 80% ethanol (v/v) with analytical grade absolute ethanol. After each addition of ethanol the solutions were stirred vigoroUsly for 5 min in stoppered tubes and precipitated material was recovered by centrifugation. The precipitates were thoroughly 'washed with ethanol of the same concentration as the supernatant and dried by silccessive treatments with ethanol, methanol and n-pentane. The 80% ethanol supernatant was evaporated to dryness.
Intrinsic Viscosity Determination
Viscosity measurements were made at 25·00±0·02°C in a Cannon Ubbelohde -viscometer (CannoJ;l Instrument Co., State College, Pa, U.S.A.). Solutions (approx. 5% w/w) were prepared gravimetrically in acetate buffer (I = 0·1, pH 5·0). Table 2 compares the yield, monosaccharide composition and protein content of the water-soluble preparations obtained by the two extraction procedures. Arabinose, xylose and galactose are present in the same proportion in the polysaccharide portion of each preparation, but the protein content of preparation A was much higher than that of preparation B. As indicated in Table 2 , the protein content of preparation B varied between 2 and 5 %, high values being found in large-scale preparations. Preece and MacKenzie (1952) in their initial work on the water-soluble polysaccharides from barley emphasized that the products obtained were free from contamination by nitrogenous material, and in subsequent papers (Preece and Hobkirk 1953; Preece and MacDougall 1958) no mention was made of protein associated with the polysaccharides extracted from cereal grains. The amino acid compositions of the proteins in preparation A and a sample of preparation B containing 2 % protein are shown in Table 3 . Since contamination with salivary amylase could occur, a sample of preparation B was prepared without amylase treatment and the composition of the protein in this sample is also shown in Table 3 .
Results
(a) Chemical Compositions of the Water-soluble Extracts
+ asparagine 7·3 6·0 5·8 11·9 Threonine 6·2 6·5 5·1 6·4 Serine 8·8 8·4 8·9 7·5 Glutamic acid + glutamine 20·2 12·8 lO·9 13·2 Proline 5·7 3·6 3·3 7·0 Glycine 9'0 5·6 6·2 9·3 Alanine 9·8 18·5 13·1 6·1 !Cystine 0 0 0 0 Valine 5·7 5·8 5·2 5·1 Methionine 0 1·0 0·9 trace ISdleucine 3·1 1·7 1'2 2·7 Leucine 7·5 2·1 1·0 6·1 Tyrosine 2·4 2·8 2·4 2·6 Phenylalanine 2'7 1'2 0·4 4·1 Tryptophan n.d. n.d. n.d. n.d. Hexosamine trace 1·4 1·3 6·4
(b) Amino Acid Composition of Proteins in the Water Extracts
These results indicate that the proteins isolated with the polysaccharides in preparations A and B have different amino acid compositions. The most noticeable features are the high levels of hydroxyproline and alanine in the protein of preparation B and the apparent lack of hydroxyproline in preparation A, which is rich in glutamic acid. It is clear that the hydroxyproline in preparation B did not originate from the salivary amylase.
(c) Molecular Size Distribution on Sepharose 4B
When samples (I5 mg) were fractionated by gel-filtration chromatography on Sepharose 4B, similar elution profiles were obtained for the polysaccharides present in preparations A and B (Fig. 1) . In each extract there was a high-molecular-weight polysaccharide component with an apparent molecular weight in the range ~7 X 10 4 to ~ 10 6 (estimated from the manufacturer's data for dextrans). A polysaccharide with a molecular weight of less than 7 X 10 4 was also present in both extracts and essentially all of the protein was eluted in the same fractions as this low-molecular-weight polysaccharide component. However, in preparation A, which had a protein content of 20 %, the protein peak did not exactly coincide with the 10w-molecularweight polysaccharide peak (Fig. la) , suggesting that at least some of the protein was not associated with the polysaccharide. No significant amounts of protein were eluted with the high-molecular-weight polysaccharides in either preparation. ...s centre of rotor) (ml)
(d) Density-gradient Ultracentrifugation
The results of Sepharose-4B chromatography (Fig. 1) suggested the possible association of the low-molecular-weight polysaccharide and protein, although for preparation A it was apparent that this may not apply to all the protein present. Density-gradient ultracentrifugation (Meselson et al. 1957 ) was used to examine the possible association of polysaccharide and protein. Polysaccharides have buoyant densities in the range 1 ·6-2· 0 glml, depending on the nature of the supporting solvent (Dunstone 1969) , and proteins usually have buoyant densities of less than 1· 4 g/ml (Cox and Schumaker 1961; Ifft and Vinograd 1962) . Covalently associated proteins and polysaccharides would be expected to have buoyant densities in the range 1 ·4-2' 0 glml depending on the relative proportion of each. A resolution of mixtures of the three classes of polymers is thus theoretically possible.
The sedimentation pattern of preparation B in caesium chloride is shown in Fig. 2b . Almost all of the protein sedimented with the polysaccharide and it was apparent that most of the protein in this preparation (2 % w/w) was bound to polysaccharide by linkages not disrupted by 3· 7M CsC!. The corresponding sedimentation pattern for preparation A is shown in Fig. 2a and provides evidence for the presence of free protein in this preparation. A complete recovery of the protein in preparation A was not obtained, since some protein failed to dissolve in the initial caesium chloride solution and floated to the surface during ultracentrifugation. This material contained no carbohydrate and remained adhering to the centrifuge tubes during fractionation. After ultracentrifugation of preparation A, fractions were pooled as shown in Fig.  2a , dialysed to remove caesium chloride and buffer ions, and evaporated to dryness. The amino acid composition of the pooled fractions are compared with those of preparations A and B in Table 4 . The protein that sedimented with the polysaccharide (fractions 1 and 2) was rich in hydroxyproline and alanine and was similar in composition to the protein in preparation B. On the other hand, the free protein (fractions 3 and 4) was rich in glutamic acid and was similar in composition to the total protein in preparation A.
(e) Investigation of Components of Preparation B
The results of gel-filtration chromatography on Sepharose 4B and density-gradient ultracentrifugation show that both preparations A and B contain protein-free poly-saccharide together with polysaccharide which co-sediments with protein. Preparation A also contains considerable free protein and for this reason was not further investigated. The compQnents of preparation B were examined after separation by ammOnium sulphate. Two fractions were obtained: one was soluble and the other insoluble in saturated ammonium sulphate solution (see Methods).
(i) Chemical composition of the fractions separated by ammonium sulphate Table 5 compares the protein and carbohydrate compositions ofthe two fractions of preparation B with those of the original preparation. Recovery of the material after the ammonium sulphate precipitation was not quantitative, and by inspection of the results ( Table 5 ) it appeared that the losses were mainly associated with the insoluble fraction. Similar losses were reported by Preece and MacKenzie (1952) in the fractionation of barley gums with ammonium sulphate. The protein and carbohydrate composition varied somewhat in different fractionations and the galactose: arabinose ratio in the fraction soluble in saturated ammonium sulphate ranged from 1·4 to 1·6 (wjw). Xylose was occasionally found in trace amounts (less than 1 %) in this fraction.
The amino acid compositions of the proteins in each fraction are compared in Table 6 with that from a sample of preparation B containing 4 % protein (cf. Table 5 ).
It is concluded that the fraction insoluble in saturated ammonium sulphate is an arabinoxylan accompanied by a small amount of protein. This protein (Table 6) is similar in composition to the free protein extracted with preparation A (Table 4) and is presumably also free protein. On the other hand, the fraction soluble in saturated ammonium sulphate contains arabinose and galactose but no xylose, and is associated with a protein rich in alanine and hydroxyproline.
(ii) Molecular size distribution of the fractions separated by ammonium sulphate The fractions soluble and insoluble in saturated ammonium sulphate were reapplied to the Sepharose 4B column and the resulting elution profiles are shown in Fig. 3 . The arabinoxylan fraction insoluble in saturated ammonium sulphate can clearly be identified with the polydisperse, high-molecular-weight component in the unfrac.tionated extract (cf. Fig. Ib and Mares and Stone 1973b) . The protein in this fraction is of low molecular weight and is not associated with the polysaccharide. The arabinogalactan-peptide, which is soluble in saturated ammonium sulphate, can be identified with the low-molecular-weight component found in the original extract, and the close association of peptide and polysaccharide is again apparent. Neukom et al. (1967) obtained a complex ('glycoprotein 2') composed of arabinose, xylose, galactose and protein by DEAE-cellulose fractionation of water extracts of wheat flour. After treating glycoprotein 2 with Pronase they isolated an ethanolinsoluble fraction containing xylose, arabinose and some residual protein and an ethanol-soluble fraction containing galactose and arabinose (ratio 2·3 : 1) and some residual protein but no xylose. The amino acid composition of their ethanol-soluble protein was similar to the protein associated with the arabinogalactan in the present study, in that high levels of alanine and glutamic acid were present. However, the hydroxyproline content was not reported. Table 7 shows that arabinogalactan-peptide could be isolated by ammonium sulphate fractionation of both preparations A and B, indicating that 80 % ethanol treatment of the flour did not disperse any arabinose-xylose-galactose-protein complex. Table 7 galactan-peptide could still be isolated from both preparations. It seems unlikely that the methods used· in the isolation of the water-soluble polysaccharides would have dissociated any complex of the type suggested by Neukom et al. (1967) .
(iv) Density-gradient ultracentrifugation of the arabinogalactan-peptide
To verify· the apparent covalent association of hydroxyproline-rich peptide and polysaccharide in preparation B that was suggested by density-gradient ultracentri-fugation (Results, section d), a sample of arabinogalactan-peptide was similarly examined. Preparation of solutions and ultracentrifugation conditions were as described in the Methods section. An initial density of 1· 65 g/ml (53·3 % CsCI w/w) was used in an attempt to sediment the arabinogalactan-peptide to a position away from the bottom of the tubes. The final concentration of arabinogalactan-peptide in the caesium chloride solution was 1 mg/ml. After centrifugation fractions were assayed for carbohydrate, protein and hydroxyproline.
The sedimentation patterri of the arabinogalactan-peptide is shown in Fig. 4 and again the hydroxyproline-rich peptide sedimented in the same fractions as the polysaccharide. The buoyant density at the peak of the sedimentation profile was l' 65 g/ml, although the profile was diffuse rather than sharp. In addition to spreading of the peak caused by diffusion, this may indicate heterogeneity in composition and hence in buoyant density. 
(v) Ethanol solubility and intrinsic' viscosity of the fractions separated by ammonium sulphate
The ethanol solubility curves for the arabinoxylan and arabinogalactan-peptide are shown in Fig. 5 . Fig. 6 compares the reduced viscosities (1/sp./c) of the solutions in acetate buffer of the two materials, and it is apparent that the arabinoxylan, with an intrinsic viscosity of 1·76 dl/g, is the component that confers high viscosity on water extracts of wheat flour (Baker et al. 1943; Udy 1956 ). Its viscosity is much higher than that of the arabinogalactan-peptide (0·108 dl/g), although not as high as the values reported by Medcalf et al. (1968) for fractions separated from water extracts of wheat flour by ion-exchange chromatography on DEAE-cellulose, or by Cole (1969) for the hemicellulose isolated from wheat flour 'tailings'.
The reduced viscosity of the arabinoxylan was strongly dependent on concentration, and its high intrinsic viscosity indicated that the polysaccharide was of high molecular weight, highly solvated, or both. 
(vi) Uronic acid content of the fractions separated by ammonium sulphate
Although some difficulty was encountered with the carbazole-H2S04 procedure of Dische (1947) as modified by Bitter and Muir (1962) due to interference by neutral sugars, the results indicated that uronic acids, if present at all, comprise less than 5 % of the polysaccharide both in the arabinoxylan and in the arabinogalactan-peptide. 
(f) Presence of Polymers Rich in Galactose and Hydroxyproline in Other Graminaceous Species
The finding of Preece and Hobkirk (1953) that water-soluble polysaccharides extracted from a range of cereal grains contain appreciable levels of galactose suggests that arabinogalactan-peptides of the type isolated from wheat endosperm may also be found in other cereals. Water extracts of ryegrass (Lolium perenne) seeds and barley (Hordeum vulgare) endosperm, prepared by Dr A. E. Moore in this laboratory and partially fractionated by ammonium sulphate precipitation, were further fractionated by bringing to saturation with ammonium sulphate (see Methods). Analytical data for the fractions are given in Table 8 .
Although separation according to solubility in saturated ammonium sulphate failed to achieve the clear-cut resolution obtained with wheat, presumably due to differences in chemical composition, protein content or molecular size distribution of the component polysaccharides, the results indicate that polymers rich in both galactose and hydroxyproline are present in ryegrass and barley. 
Discussion
The polysaccharides in water extracts of Insignia wheat flour prepared by the modified methods of Kundig et al. (1961) (preparation A) and Preece and MacDougall (1958) (preparation B) have similar monosaccharide compositions (Table 2 ) and molecular size distributions (Fig. 1) . On the other hand, the nature and amount of the protein present in each preparation is quite different.
The major difference between the two methods of preparation was the inclusion of hot 80 % ethanol treatment prior to the water extraction step in the method of Preece and MacDougall (1958) . Why this should result in such a lowering in protein content is not clear, but it is possible that hot ethanol denatures some of the endosperm proteins, rendering them insoluble in the subsequent water extractions. Furthermore, the free protein in preparation A is of low molecular weight ( Fig. la) and may be extracted by hot 80 % ethanol in the course of the isolation of preparation B.
The hydroxyproline-rich peptide associated with the polysaccharide extracted in preparation B is also present in preparation A (Fig. 2a and Table 4 ), so that failure to detect hydroxyproline in amino acid analyses of the total protein present in preparation A (Table 3) was presumably due both to the low level of hydroxyproline-rich protein in relation to free protein in the preparation and to the low molecular extinction of the hydroxyproline-ninhydrin complex compared with that of other amino acids.
The demonstration of the presence of free protein in preparation A suggests that some of the protein eluted by the stepwise increase of sodium borate concentration from the DEAE-cellulose column of Kundig et al. (1961) , and designated glycoprotein by these workers, is also free protein.
In both preparations A and B a hydroxyproline-and alanine-rich protein sedimen ted with the polysaccharide in density gradients, indicating that this protein is bound to the polysaccharide by linkages not disrupted in 3· 7M CsCl. Franek and Dunstone (1966) , Silpananta et al. (1967) and Creeth and Denborough (1970) consider that protein and polysaccharide sedimenting together in caesium chloride gradients are covalently linked glycoproteins, and they have applied this method to separate protein and glycoprotein quantitatively.
The density-gradient ultracentrifugation experiments provide evidence that the peptide in the water extract from wheat flour is covalently linked to polysaccharide. Furthermore, the peptide remains associated with polysaccharide in a solution of saturated ammonium sulphate. Although it appears unlikely that ionic bonds linking polysaccharide to peptide would remain intact either in saturated ammonium sulphate or in a caesium chloride solution of high ionic strength (Dunstone 1969) , the hydrogen bonding of a DNA duplex is stable in high concentrations of caesium chloride (Erikson and Szybalski 1964; Szybalski 1968) . It is, however, difficult to envisage that an extensive and highly ordered system of hydrogen bonding such as that present in DNA could be involved in the binding of peptide to arabinogalactan in this preparation, and at no stage during subsequent characterization and partial degradation of the arabinogalactan-peptide was there any indication that the linkage between polysaccharide and peptide is other than covalent in nature. Confirmation of the covalent nature of the association will involve isolation and characterization of the linkage region of the molecule.
Consideration of the minimum molecular weight of the peptide as deduced from its amino acid composition (cf . Table 6 ) suggests that the peptide portion of the complex is heterogeneous with respect to amino acid composition or that some contaminating protein is still present.
In summary, ammonium sulphate fractionation effects a clear resolution of the non-starchy water-soluble polysaccharides from wheat endosperm into an arabinoxyIan and an arabinogalactan which is covalently associated with a hydroxyproline-rich peptide. This fractionation procedure has been used by other workers (Preece and Hobkirk 1953; Mares and Stone 1973c) to partially separate polysaccharides enriched in galactose from the arabinoxylans in water extracts of wheat, and the results of Preece and Hobkirk (1953) suggest that galactose-rich polysaccharides may be widely distributed in cereal grains. Similarly, results presented here (Table 8) indicate that ryegrass and barley may also contain polymers of comparable composition to the arabinogalactan-peptide from wheat endosperm.
The apparently wide distribution of such components in cereal grains has prompted a closer study of the arabinogalactan-peptide from wheat endosperm. Certain physicochemical properties and some aspects of its chemical structure have been determined and are reported elsewhere . In addition, changes in the water-soluble components of wheat endosperm have been followed during modification under simulated conditions of germination .
